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PROJECT PERSONNEL 

In  car ry ing  out t h e  experimental work he re in  reported,  t h e  w r i t e r s  
were a s s i s t e d  a t  The Borden Chemical Company by D r ,  Michael Pang, Ass i s t an t s  
Ronald Go Burton and Charles J. Guinosso, and Dr. George Kitazawa, Head of 
t h e  Physical  Test ing I a b o r a t o q .  A t  Burgess Ba t t e ry  Company, t h e  sub- 
cont rac t  tes ts  were under the  supervision of  Mr. Frederick A. Poss and 
Mr.  J. R. Beckman. 
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. 
SUMMARY 

A study has been made of t h e  d i f fus ion  of s i l v e r  oxide through separa tor  0 - 
membranes, using rad ioac t ive  s i l v e r  and an improved technique. 
en t  types of membrane behavior were found:- 

Three d i f f e r -  

(1) Plembranes composed of methyl ce l lu lose  i n t i m t e l y  mixed wi th  
c a r b o q l a t e d  polymers (B and C types developed i n  previous Contract 
NAS 5-3467) took up only very small amounts of  s i l v e r  but allowed small 
amounts of s i l v e r  oxide t o  d i f fuse  through. 
resist shor t -c i rcu i t ing .  

Cells with these  sepa ra to r s  

(2) Membranes composed of cellophane o r  po lyvinyl  a lcohol ,  o r  composi- 
t i o n s  containing l a r g e  amounts of hydroqyethyl c e l l u l o s e  reduce considerable  
amounts of s i l v e r  oxide t o  meta l l ic  s i l v e r ,  al lowing r e l a t i v e l y  small amounts 
t o  pass through. 
c i r c u i t .  

Ce l l s  with these membranes show a tendency t o  shor t -  

( 3 )  
un ique , in  t h a t  it showed very l i t t l e  tendency t o  e i t h e r  pick up s i l v e r  or 
l e t  it pass through. 
i n t e r n a l  r e s i s t ance  i n  c e l l  t e s t s .  

A film of Y3-typet1 polymer developed under another  pro jec t  w a s  

I n  i t s  unmodified form, however, it developed high 

Exploratory experiments on copolymerization of methacrylate e s t e r s  with 
a c r y l i c  a c i d  i n d i c a t e  advantages i n  preparing these  by hydrolysis  of cor- 
responding copolymers of methyl ac ry la t e  with methacrylates.  A promising 
quadripolymer w a s  made from methyl methacrylate,  isoprene,  a c r y l o n i t r i l e  0 and a c r y l i c  acid. 

Some l e s s  common c e l l u l o s e  de r iva t ives  were explored. A commercial pro- 
duct  ca l l ed  Ethulose deserves f u r t h e r  study. 

Preliminary inves t iga t ions  were made on ethylene copolymers containing 
pofaF groapTXn8 on cAIorophosphation of seve ra l  polyolef ins .  
polymers a r e  of primary i n t e r e s t  a s  being p o t e n t i a l l y  r e s i s t a n t  t o  high 

These 

temperatures . 
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I. INTRODUCTION 

Under t h e  preceding cont rac t  (NE-5-3467) seve ra l  types  of  membrane were 
developed which had p rope r t i e s  superior t o  cellophane when used as separa tors  
i n  a lka, l ine.-s i lver-zinc c e l l s .  I n  t h i s  development, t h e  p r inc ip l e  w a s  
es tab l i shed  t h a t  t h e  separa tor  must possess a balance between polar  and 
non-polar s t r u c t u r a l  charac te r ,  P o l a r i t y  must be high enough t o  ob ta in  
e l e c t r o l y t e  absorp t ion  and e l e c t r o l y t i c  conduct ivi ty ,  but  non-polarity 
must be s u f f i c i e n t  t o  prevent s o l u b i l i t y  i n  concentrated a l k a l i .  

The most successfu l  app l i ca t ion  of  t h i s  p r inc ip l e  made under t h e  preceding 
cont rac t  w a s  obtained by combining t h e  moderately polar  polymer methyl ce l -  
l u l o s e  (MC) with t h e  highly polar  1:l copolymer of  v i n y l  methyl e t h e r  with 
maleic anhydride (PVM/NA). 
wi th  such ma te r i a l s  went through 35 t o  4l cycles  before  reaching 60% of  
nominal capac i ty  and suf fered  no ca tas t rophic  f a i l u r e ,  By con t ra s t ,  cor- 
responding c e l l s  with cellophane sepa ra to r s  shorted a f t e r  15 t o  21 cycles.  
T e s t s  subsequently made a t  Crane Ammunition Depot, t o  be reported by NASA/ 
GSFC, showed t h a t  c e l l s  w i t h  MC:PVM/KI i n  t h e  r a t i o  7:3 went through 85 
cyc les  before  reaching 40% o f  nominal capaci ty ,  aga in  wi th  no shorting. 
Work i n  t h e  preceding cont rac t  showed t h a t  t h i s  behavior c o r r e l a t e s  with 
extremely high s t a b i l i t y  t o  oxidation and a neg l ig ib l e  r a t e  o f  s i l v e r  ion  
d i f f u s i o n  through t h e  membrane. 

I n  cycle t e s t s  run by Burgess Bat te ry  Co., c e l l s  

I n  d i r e c t i n g  t h e  course of t h e  present cont rac t  (NS-5-9107) toward f u r t h e r  
improvements, t h r e e  approaches in  p a r t i c u l a r  a r e  being taken : 

1) The more successfu l  mater ia l s  of t h e  preceding cont rac t  a r e  being 
s tudied  i n  g r e a t e r  d e t a i l ,  
them has been studied. 

I n  p a r t i c u l a r  t h e  r a t e  of s i l v e r  d i f fus ion  thmugh 

2 )  Modification of t he  methyl c e l l u l o s e  combinations a r e  being 
inv-esttgatecl t m z p T e  obJec€ive o f  obtaining higher  p o l a r i t i e s  more s u i t a b l e  
f o r  use a t  40 and 45 percent potassium hydroxide. 

- 

3 )  Synthesis  of  new polymers i s  being undertaken, aiming pr imari ly  t o  
achieve t h e  required balance of p o l a r i t y  wi th in  t h e  same molecule. 
t h e  f i r s t  quar te r ,  much of t h e  synthet ic  work was exploratory and covered 
a wide range of tgpes,  I n  continuing t h e  work, more promising types are 
being s tudied  i n  g r e a t e r  depth, 

During 

The progress reported i n  t h i s  First Quar t e r ly  Repcrt covers work done i n  
t h e  first and t h i r d  of these  approaches. 
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I t 

SECTION fi  - SILVER DIFFUSION - 

Procedure : 

The r ad ioac t ive  t r a c e r  technique used t o  s tudy d i f f u s i o n  of  s i lver  
ions  has been descr ibed i n  a previous r epor t  (l)e The apparatus  i s  based 
on ear l ier  work of Ei rkse  (2) and E l e c t r i c  Storage Battery Company sc i en t -  
i s ts  (3,4) bizt i nco rpc ra t e s  improvements which avoid s i l v e r  l o s s e s  on t h e  
w a l l s  of t h e  c e l l ,  
i n s t e a d  of po ly re thac ry la t e  i n  the h a l f - c e l l s  and polyethylene gaske t s  r a t h e r  
t h a n  neoprene, 

These improvements c o n s i s t  i n  t h e  use of  pyrex glass 

The d i f f u s i o n  c e l l  i s  i l l u s t r a t e d  i n  Figure 1. The h a l f - c e l l s  are 
s tandard conunercial pyrex g l a s s  ells with one-inch i n t e r n a l  diameter. 
are clamped toge the r  with standard aluminum f l anges  using f l a t  polyethylene 
gaske ts  on both s i d e s  of t h e  membrane t o  be t e s t e d ,  
gaske t s  employed ccmercia1l.y with t h e  e l l s  were f o m d  equal ly  r e s i s t a n t  t o  
s i l ve r  oxide but  requi re2  g rea t e r  c a r e  i n  handling than  polyethylene i n  o rde r  
t o  avoid ruptur ing  t h e  membrane, 

These 

The r ing-sea l  Teflon 

C i rcu la r  d i sks  of membranes, 1.5 inches  i n  diameter,  were cu t  by means 
S t i r r i n g  was achieved magnet ical ly  with a half- inch Teflon stir- of a punch, 

r i n g  bar on each s ide ,  The neoprene s toppers  used t o  c lose  each ha l f  were 
not  allowed t o  come i n t o  contac t  with s i l v e r  s o l u t i o n  and were f i t t e d  with 
c a p i l l a r y  tubes  t o  permit e q u d i z a t i o n  o f  pressure.  

The usua l  ?recaut ions were t aken  a g a i n s t  s p i l l a g e  and r ad ioac t ive  
contamination, 
d i s h  under a hood, 
paper 

The s tand holding t h e  assembled c e l l  w a s  placed i n  a g l a s s  
The labora tory  bench was protec ted  with d isposable  

The r ad ioac t ive  so lu t ion  was prepared by t r e a t i n g  30% aqueous potas- 
s i m  hydroxide so lu t ion  with s i l v e r  n i t r a t e  s o l u t i o n  enriched wi th  Ig 110 
(Czk-Ridge), 
saxy t o  s a t u r a t e  t h e  soli l t ion with s i l v e r  oxide, To ensure sa tu ra t ion ,  t h e  
s o l u t i o n  w a s  magnetically s t i r r e d  i n  contact, w i th  t h e  s r e c i p i t a t e d  s i l v e r  oxide 
i n  t h e  dark overnight ,  

- - ____. 

The anount of s i l v e r  n i t r a t e  w a s  j u s t  i n  excess o f  t h a t  neces- 

(1) K.L.Pfluger and H. E. Hoyt, F i n a l  Fieport Contract NAS 5-3467 June 28, 1963 
t o  November 9, 1964, Appendix 11. 

( 2 )  T o  Po Dirkse,  Chapter 1 0  i n  f tCharac t e r i s t i c s  of Separa tors  for Alkal ine 
Silver-Oxide-Zinc Seconiary Bat te r ies ' ? ,  ed i t ed  by J.E.Cooper and 
A, Fle i sche r ,  i",F Lerc Propulsion Lab, Wright-Patterson Air Force Basep 
Ohio (196l+),  

(3) E. Weiss, A, J. Salkind and C. G. Oberholzer, Fourth Quar t e r ly  Report, 
Contract  NAS-5-2860, March 29 t o  June 289 1963. 

(11) E. Weiss, J, B, Ockerman and C ,  G, Oberholzer, F i f t h  Quar t e r ly  Report ,  
Contract  NAS-5-2860, June 29 t o  Sept,  28, 1963. 
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The amount of n i t r a t e  i o n  introduced by t h i s  procedure w a s  n e g l i g i b l e ,  
being of the order  of 0.002 mole percent wi th  r e spec t  t o  hydroxide ion, 
Nevertheless ,  t h e  non-radioactive s tock s o l u t i o n  w a s  prepared i n  a similar 
way using non-radioactive s i l v e r  n i t r a t e  so lu t ion ,  

0 
After e q u i l i b r a t i o n  with t h e  p r e c i p i t a t e d  s i l v e r  oxide,  t h e  s tock  soli:- 

t i o n s  were f i l t e r e d  i n t o  brown storage b o t t l e s  through s i n t e r e d  g l a s s  funnels .  
The funnels  were prepared for t h i s  opera t ion  by success ive  t rea tments  wi th  hot  
n i t r i c  a c i d  followed by thorough washing with d i s t i l l e d  water and drying. 

Each experiment w a s  c a r r i e d  out  as follows, The c lean  and d r y  c e l l  w a s  
assembled wi th  membrane i n s e r t e d  between t h e  two s ides .  d 45,O m l .  po r t ion  of 
t h e  r ad ioac t ive  s tock  s o l u t i o n  was p ipe t t ed  i n t o  S ide  1. Immediately the re -  
a f t e r ,  a 45,O m l ,  po r t ion  o f  t h e  non-radioactive s o l u t i o n  w a s  p ipe t t ed  i n t o  
S ide  2, Pe r iod ica l ly ,  dup l i ca t e  0,05 rJo a l i q u o t s  were p ipe t t ed  from each s ide 
t o  s t a i n l e s s  s t ee l  planchet s one inch i n  diameter (Nuclear Chicago Corporat ion)  
To assure homogeneity t h e  so lu t ions  were rriagnetlcaliy s t i r r e d  f o r  one minute 
before  sampling. The planchets  were d r i ed  under a n  inf ra - red  lamp. Radio- 
a c t i w i t y  w a s  measured wi th  a sca l e r  (Baird-Atomic Instrument Co. Piodel 1091) 
and flow counter  (Packard Instrument Co. Model 210), Radioactive counts 
were cor rec ted  by sub t r ac t ion  o f  the 'hioise countPt, 

Typical ly ,  t h e  observed counts/min, changedfrom more than  400 t o  about 
200 on t h e  i n i t i a l l y  r ad ioac t ive  side 1. The 'hoise?r  count w a s  u suz l ly  
about  30 counts/mnin. S t a t i s t i c a l  ana lys i s  of a l a r g e  number of dup l i ca t e  
0.05 ml, samples ind ica t ed  t h e  standard dev ia t ion  f o r  dup l i ca t ion  
i s  about 2 10 counts/min, 
t o  a s tandard e r r o r  ranging from 2,5% t o  5.0% on Side  1 as t h e  r a d i o a c t i v i t y  
decreases.  On s i d e  2, t h e  e r r o r  i s  i n i t i a l l y  e&reriely high, becoming lower 
as r a d i o a c t i v i t y  inc reases  but  being not  much b e t t e r  t h a n  10% a t  t h e  termina- 
t i o n  of  t h e  t y p i c a l  experiment. 

On a percentage b a s i s  t h i s  corresponds 

0 

Since t h e  h a l f - l i f e  o f  Ag 110 i s  249 days, i t s  r a d i o a c t i v i t y  i s  decreas-  
ed on ly  by about 2% i n  one weeko In t h e  experiments which were c a r r i e d  out  
w i t l i i n i e s s  €EaiiZFne week each, it was the re fo re  poss ib le  t o  ignore t h e  decay 
of r a d i o a c t i v i t y  3s n e g l i g i b l e  i n  comparison t o  t h e  above nentioned e-veri-  
menta l  e r r o r s o  

The s o l u b i l i t y  of s i l v e r  oxide i n  3% KOH a t  25" C ,  as measured by 
Amlie and Ruetschi (5 ) ,  i s  57 mg per l i t e r ,  Using t h i s  value and t h e  radio-  
a c t i v e  counts/min, f o r  i n i t i a l  so lu t ion  and f o r  c e l l  so lu t ions  on both s i d e s  
of t h e  d i f f u s i o n  c e l l  a t  var ious  times, c a l c u l z t i o n  w a s  r i d e  of t h e  respec t -  
ive amounts of s i l v e r  oxide which remained on t h e  i n i t i a l l y  r ad ioac t ive  S ide  1 
and wnich had d i f fused  through t o  t h e  opposi te  S ide  2, 
Table I t o g e t h e r  with corresponding weights of s i l v e r  oxide taken  up by t h e  
membranes. 

These are summarized i n  

(5)  R. F. i'imlie andJE. Reutschi,  J o  Electrochemical  Soco ,  108, 813-819 (1961). 
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Table I 

S i l v e r  Diffusion Through Nembranes 
From 30S KOH Solutio-., 2a"Yu *z.tcd L-irh .i2;20 -- -- ~ 

Membrane Expt. Time Disposi t ion,  A t  End o f  Experiment T o t a l  S i l v e r  Oxide 
Type (+C) No. (Hrs,) of S i lve r  Oxide Or ig ina l ly  On Taken Up By 

Side 1, - I n  F i l l i g rams  Membrane Fro,n 
I_ Estimated -__ from _-- Radioac t iv i ty  ___--- Both S ides  _._. 

Side  S ide  Mem- i n  N.illigrams sum 1 2 brane 

B3 7 66 2,011. 0-33 O S 3  2,46 
uc 146 l"49 LO3 "2.0 2" 62 
15 188 1.65 1,21 -13 2,99 

0,065 
195 
265 

c1 6 1 1 E  2,16 3 3Ii: 023 2,76 0 449 

C2 18 173 I, 55 e EO .17 2.53 3.46 

c3 8 66 L 7 l  - 3? . U c  2,24 
5 161 le41 0 135 033 2059 
16 188 L.43 L l l c  923 2,80 

279 
,665 
u 457 

PVAlc 79 12 66 " 89 ,06 L88 2.83 j076 

PVAlc 374-61 10 92 lo 08 .07 1.81 2.96 3.62 

E4 11 66 3 72 .08 1.76 2,56 30 51 

Cellophane 13 146 62 ,ii io76 2.49 3- 51r 

Copolymer,S 9 92 2,03 0 11 .08 2,22 0,158 
17 173 1.84 61 .,04 2.49 e 079 

- 

("-1 B3 = 7 parts methyl ce l lu lose ,  3 p-arts po lyacry l ic  a c i d  
C 1  = 9 p a r t s  methyl c e l l u l o s e ,  1 p a r t  PVM/IkTA 
C2 = 8 p a r t s  methyl ce l lu lose ,  2 p z r t s  PVN!MA 
C3  = 7 p a r t s  methyl c e l l u l o s e ,  3 p z r t s  l'WLI/-fA 

where PVM/lU = 1 :I c o p o l p z r  of v i n y l  methyl e t h e r  and maleic anhydride, 
PVAlc 79 = 8 p a r t s  88% hydr9lyzed PTJAl.c, 2 parks  t e t r a e t h y l e n e  g lycol ,  
PVAlc 374-61 = Complstely hydrolyzed polyvinyL a l coho l  
E4 = 6.5 p a r t s  methyl ce l lu lose ,  3.5 p x i s  h;rdroxyethyl c e l l u l o s e  

(CTnio~ Cq rbide QFO.1) 
Cellophane = PUDO grEd? 
Copolymer S = propr i e t a ry  pi'odnct; see %ct ion  c below, 
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The amount o f  r ad ioac t ive  si lver oxide deposi ted on t h e  membrane a t  
t h e  end of a n  experiment w a s  determined from t h e  r ad ioac t ive  count of  a solu- 
t i o n  of t h e  membrane i n  n i t r i c  acid. The membrane w a s  removed f r o m t h e  c e l l  
and washed wi th  p l a i n  30% KOH, then padded dry  with f i l t e r  paper. A weighed 
amount of concentrated n i t r i c  a c i d  w a s  used t o  d i s so lve  t h e  membrane and i t s  
contents .  1. 0.05 ml. a l i q u o t  of t h i s  s o l u t i o n  w a s  t r a n s f e r r e d  t o  a planchet ,  
evaporated t c  dryness,  and counted. 
f a c t o r s ,  
Since s i l v e r  oxide was t aken  up f r o m  both s i d e s  of t h e  membrane t h e  t o t a l  
amount w a s  estimated t o  be roughly twice t h a t  ind ica ted  by t h e  r ad ioac t iv i ty .  
(This estimate i s  i n  e r r o r  t o  t h e  extent  t h a t  some rad ioac t ive  material which 
has  d i f fused  t o  Side 2 comes back on t o  t h e  membrane,) 
t o  d i s t i n g u i s h  between m e t a l l i c  s i l v e r  and i o n i c  s i lver  which i s  a l s o  contained 
wi th in  t h e  membrane throughout t h e  experiment. 

0 

From t h i s  and t h e  usua l  c a l i b r a t i o n  
t h e  weight of rad ioac t ive  s i l ve r  oxide on t h e  membrane w a s  ca lcu la ted .  

No a t tempt  w a s  made 

k check on t h e  prec is ion  of t h e  experiments i s  given i n  summirig up t h e  
e s t ima tes  for d i s p o s i t i o n  o f  t h e  s i l v e r  oxide o r i g i n a l l y  on S i d e  1, i.e,,  
adding t h e  amounts corresponding t o  r a d i o a c t i v i t y  i n  Side 1, Side 2 dnd mem- 
brane a t  te rmina t ion  o f  an experiment, ‘The o r i g i n a l  45 ml. of sa tu ra t ed  solu- 
t i o n  on Side 1 contained 2.57 mill igrams of s i l v e r  oxide, so t h e  dev ia t ion  from 
2.57 of t h e  values  i n  t h e  plsumt* column are a measure of experimental  e r r o r ,  

Inspec t ion  of  Table I shows t h a t  t h e r e  are e s s e n t i a l l y  t h r e e  d i f f e r e n t  
t ypes  of menbrane included., 

Type (1): The B and C type membranes t ake  up only very small amounts 
of s i l v e r  bu t  a l low small amounts of s i l v e r  t o  d i f f u s e  through. The r a t e  of  
d i f f u s i o n  i s  so slow t h a t  less than 1% of t h e  s i l v e r  i n  a c e l l  wi th  f i v e  wraps 
of C 3  would be l o s t  t o  self-discharge i n  a year.  (See c a l c u l a t i o n  i n  Appendix 
I of  F i n a l  Report , Contract NAS-5-3467. ) 
i n  t h e  Burgess tests.  

These c e l l s  have not sho r t - c i r cu i t ed  

Type (2)  : Cellophane, E4 and PVAlc Is, on t h e  o the r  hand t a k e  up cons idcr  
a b l e  amounts of s i lver  o d d e ,  allowing r e l a t i v e l y  small amounts t o  pass through. - 
These ma te r i a l s  a l l  conta in  polymers wi th  r e a d i l y  oxid izable  hydroxy groups, 
namely cel lulose,hydroxyethyl  ce l lu lose  and polyvinyl  a l coho l  respec t ive ly ,  
t h e  Burgess t e s t s  c e l l s  with both cellophane and E4 terminated by shor t  c i r -  
c u i t .  
c i r c u i t  i n  t h e  Burgess tes ts ,  subsequent t es t s  a t  Crane ( t o  be repor ted  by 
NPSF/GSFC) show t h a t  c e l l s  with PVhlc 79 d i d  commence shor t ing  a t  cycle  37, 
There seems, t he re fo re ,  t o  be a d e f i n i t e  c o r r e l a t i o n  between high s i l v e r  pick- 
up and tendency t o  shor t -c i rcu i t .  

I n  

Although c e l l s  with PVAlc 79 continued for L2 cycles  without sho r t  

Type (3):  The 5-type fi lm, t o  be d iscussed  f u r t h e r  below, w a s  uniqQe i n  
t h a t  it picked up only small amounts of s i l v e r  oxide and a l s o  allowed it t o  
pass  through a t  only a very small r a t e .  

-8 - 
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I n  F igures  2 through 7, experiments1 d i f f u s i o n  da ta  are p l o t t e d  showing 

The t o p  curves show the loss of  r a d i o a c t i v i t y  i n  t h e  i so tope-  
t h e  change wi th  t i m e  of t h e  counts per  minute per  0.05 ml, a l i q u o t  o f  c e l l  
so lu t ions .  
l a b e l l e d  S ide  1 of t h e  c e l l .  
on t h e  oppos i te  Side 2. 

The bottom curves show t h e  ga in  of r a d i o a c t i v i t y  
a 

I n  t h e  case of Type 2 membranes, t h e  loss of r a d i o a c t i v i t y  on S ide  1 
i s  a t  first more r ap id  than  t h e  gain on Side 2, because t h e r e  i s  i n i t i a l  re- 
moval o f  s i l v e r  on t h e  membrane. 
have r e c i p r o c a l  slopes which can be taken as a measure of t h e  t r u e  r a t e  of 
d i f f u s i o n  of  s i l v e r  through t h e  membranes, I n  t h i s  second s tage  f u r t h e r  removal 
on t h e  membrane has e i t h e r  stopped or i s  extremely slow. I n  view of  t h e  ex- 
per imental  e r r o r s  discussed above, t h e  l as t  es t inlate  of t h e  t r u e  d i f f u s i o n  
rate i s  provided by t h e  s lope  of  t h i s  second s t age  of t h e  t o p  curveo 

Eventual ly  t h e  l o s s  and ga in  curves t end  t o  

I n  Type 2 menibranes, t h e  l o s s  of r a d i o a c t i v i t y  on Side 1 i s  much more 
r ap id  than  t h e  ga in  on Side 2 throughout t h e  du ra t ion  of  each experiment, 
because s i lver  oxide i s  cont inua l ly  being removed by t h a  membrane and not  
permit ted t o  pass. 

I n  Type 3 membrane, copolymer S, t h e  r a t e s  of change i n  r a d i o a c t i v i t y  
a r e  slow on both s i d e s  of t h e  c e l l .  

S i l v e r  oxide pickup i s  graphica l ly  i l l u s t r a t e d  i n  Figure 8. 
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SECTION B - SYNTHESIS OF ACRYLIC COPOLYPERS 

Acryl ic  polymers o f f e r  t h e  advantage o f  high r e s i s t a n c e  t o  s i l v e r  
Work has  been s t a r t e d  with t h e  ob jec t ive  o f  a t t a i n i n g  wi th in  oxidat ion.  

a s i n g l e  molecule t h e  requi red  balance of high and lower po la r i ty .  
t h i s  end, monomers of high p o l a r i t y  a r e  copolymerized wi th  monomers o f  
lower po la r i ty .  
membrane swel l ing and e l e c t r o l y t i c  conduct ivi ty ,  it i s  hoped t o  a r r i v e  a t  
a n  optimum r a t i o .  
polymer must a l s o  be i n  t h e  des i r ab le  range. 

Toward 

By varying t h e  monomer r a t i o  and s tudying t h e  e f f e c t  on 

A complicating f a c t o r  i s  t h a t  f l e x i b i l i t y  of t h e  co- 

Preliminary experiments were made copolymerizing a c r y l i c  o r  methacryl- 
i c  a c i d  as t h e  h ighly  po la r  monomer with methacryl ic  e s t e r s  of var ious chain 
length.  
b r i t t  l e  

Typical  examples are given i n  Table 11. The polymers were t o o  

An a l t e r n a t i v e  method of  preparing a c r y l i c  a c i d  copolymers i s  t o  
synthes ize  f i rs t  a copolymer of methyl a c r y l a t e  wi th  a methacrylate  e s t e r ,  
t hen  hydrolyze. It was demonstrated t h a t  under condi t ions  which hydrolyze 
t h e  methyl a c r y l s t e  moie t ies  t o  a c r y l i c  a c i d ,  methacryl ic  e s t e r s  o r  t h e i r  
polymers a r e  not  hydrolyzed. Table I11 sunmrizes s e v e r a l  polymerizations 
wi th  b u t y l  methacrylate.  
so lvent  w a s  replaced by isopropanol,  and excess KOH was added as saponif ica-  
t i o n  c a t a l y s t .  
c h l o r i c  acid.  After f i l t r a t i o n ,  
copolymer w a s  d i sso lved  i n  dioxane o r  o the r  appropr i a t e  solvent  €or c a s t i n g  
film. Although most of t h e  films were t o o  b r i t t l e  t o  make u s e f u l  s epa ra to r s  
by themselves,  they  were coated on 1.5 mil  Webril non-woven Dyne1 c lo th ,  
These supported f i l m s  were swollen i n  30% KOH and t h e i r  conduct iv i ty  measiir- 
ed, Three of t h e  copolymers of Table I11 had r e s i s t a n c e s  comparable with 
unsupported C3 f i lms.  
o r d e r  of p o l a r i t y  balance had been achieved. These  polymers were eo luble  
i n  2% XOH but  i n so lub le  i n  3% KOH. 
a t t r i b u t a b l e  t o  t h e i r  low molecular weight which i s  a l s o  ind ica ted  by t h e  
low v i s c o s i t i e s  of t h e i r  c a s t i n g  solut ions.  
using more concentrated polymerization so lu t ions  i n  so lvents  such as benzene, 
cond i t ions  under which molecular weight i s  l i k e l y  t o  be increased.  

After polymerization i n  methyl e t h y l  ketone, t h i s  

The hydrolyzed polymer was p r e c i p i t a t e d  i n t o  excess hydro- 
washing and drying,  t h e  a c i d  form of  t h e  

S o l u b i l i t y  behavior a l s o  ind ica t ed  t h a t  t h e  r i g h t  

The i r  b r i t t l e n e s s  i s  a t  l e a s t  p a r t i a l l y  

This  work w i l l  be continued 
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TABLE I1 

ACRYLIC POLYMERS 

Experiment No. 407- 81 83 56 58 68 76 

Molar C ompo s i t  i o n  

E thy l  methacrylate  

Butyl methacrylate  

2-Ethylheq1 methacrylate  

Methacrylic a c i d  

Acryl ic  a c i d  

Solvent + 

Temp. O C. 

T i m e  i n  hours 

Conversion (%) 

Film cha rac t e r  

- 

1.00 

- - 

- - 

iPEK NEK 

80 80 

15 7 

100 100 

0 25 

- 

MIBK 

115 

305 

78 

b r i t t l e  l i q u i d  v0 

- 

67 
- 

- 

o 33 

P E K  

80 

22.5 

83 

VO 

b r i t t l e  b r i t t l e  b r i t t 1  e bi.ittl-e 
S o l u b i l i t y  (1 inso lub le )  

Water 1 1 1 1 1 1 

30% KOH 1 1 1 1 1 1 

- 1 s o l ,  hot 2% KOH 1 1 1 

3:- MEK = methyl e t h y l  ketone 

MIBK = methyl i s o b u t y l  ketone 
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TABU? I11 

PETHACRYUTE-ACRYLATE COPOLYMERS - 0 
Expt. No: 407-78 407-88 407 -90 43 6 -41 

Molar C ompo s it i o n  

IvIethyl a c r y l a t e  . 70 0 50 0 40 o 30 

Butyl  methacrylate  0 30 0 50 60 0 70 

Solvent I B K  P E K  KEK P E K  

Temperature - O C ,  E30 $0 80 80 

Time - hours 23 7 1.3 7 

Conversion - % 100 100 100 100 

Phys ica l  S t a t e  - 
before  hydro lys is  v i s c , l i q ,  v i s c  l i q .  v i s c  l i q .  v i sc ,  l i q o  
a f t e r  hydro lys is  s o l i d  s o l i d  s o l i d  s o l i d  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - -  

Film d e s c r i p t i o n  v o b r i t t l e  v . b r i t t l e  v. b r i t t  l e  v, b r i t t l e  

So l i Jb i l i t y  i n  m t e r  dispersed i n s o l  inso l .  inso l .  0 
i n  3@ KOH i n so l .  i n so l .  i n s o l ,  inso l  E 

i n  2% KOH sol. sol. sol. i n so l .  

Acid content  meq/gram 
Found 6.52 2.89 2.83 1.64 

Limit (a) 6.70 4.3% 3.35 204% 

E l e c t r i c a l  Resis tance - 
ohms - i n  30% KOH (b) Ool 0.0 0.0 6,4 

(ai ' tLi-mitl l  c a l cu la t ion  w a s  based on t h e  assumption t h a t  t h e  a c r y l a t e  e s t e r  
moiety of t he  formulation would be oompletely saponi f ied  and t h e  meth- 
a c r y l a t e  e s t e r  moiety not a t tacked,  

(b) Supported on 1.5 mil non-woven Dyne1 c lo th ,  
a l c o h o l  and methyl c e l l u l o s e  gave 2,3 ohms and 10.4 ohms re spec t ive ly ,  
f o r  an exposed diameter of .20 inches of filrii a t  equi l ibr ium 
wi th  t h e  e l e c t r o l y t e .  Measurements t o  the nea res t  0.5 ohms. 

Controls on polyvinyl  

-19- 



Exploratory copolymerizations of o the r  monomer systems a r e  summarized 
i n  Table I V ,  The most promising of t hese  were t h e  four-component polymer 
446-22. 

TkBB I V  

FESI3TANCE AND FLEXIBILITY OF 3ELECED COPOLYPiERS 

Polymer Type 
- Film - Resis tance 3c 

Thick- ohms Fi lm 
n e s s  F l e x i b i l i t y  i n  30% i n  
( m i l s )  KOH 30% KOH 

4.46-22 MMii-IP-AN-AB 

446 -24 Sty-IP 0 

1 

4.9 

2.0 

1 , 5  

- 

1.0 

1-0 

L 3  

Br i - t t l e  

F1 

i t  

Flex ib le  

Britt, l e  

9 P  

Flex ib le  

B r i t t l e  

1,550 B r i t t l e  

1,940 i V  

215,000 i t  

F 1  25 

- Ge 1 

2,550 B r i t t  l e  

198 F lex ib l e  

20,466 B r i t t l e  

Abbrev, : Acryl ic  a c i d  
Acry lon i t r i l e  
Fumaric a c i d  
Hydrcqpropyl  methacrylate  
I so  prene 
Methylacrylate 
Methyl methacrylate  
Methyl v i n y l  ketone 
Polyvinyl a l coho l  

Notes: +> For an  exposed diameter o f  020 inches of  f i lm a t  equi l ibr ium 
wi th  t h e  e l e c t r o i y t e .  Measurement t.o t h e  nea res t  0.5 ohmo 
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SECTION C - '%-TYPE'' MEMERiUES 

An Tj-typeft copolymer, developed under another  Borden p ro jec t  
was c a s t  i n  film form and found t o  show conduct iv i ty  of t h e  same order  
as t h e  h ighly  polar  membranes developed under t h e  previous cont rac t .  
This w a s  remarkable because t h e  chemical s t r u c t u r e  was  r e l a t i v e l y  non- 
po la r  and d id  not correspond t o  the observed conductivity.  The membrane 
a l s o  showed an  anomalously low degree of swel l ing i n  e l e c t r o l y t e .  The 
behavior i nd ica t ed  a semi-permeable phys ica l  s t ruc tu re .  A quan t i ty  of 
f i l m  w a s  prepared f o r  t h e  cons t ruc t ion  of c e l l s  at  Burgess. Resis tance 
i n  t h e  c e l l s  was found t o  be higher t han  a n t i c i p a t e d  from r e s i s t a n c e  
measurements i n  our equipment and performance w a s  unsa t i s f ac to ry  due t o  
high i n t e r n a l  r e s i s t a n c e  of t h e  ce l l .  

Permeabili ty of t h e  S-fi lm ( l o t  445-19) t o  oxygen i n  t h e  Dow 
c e l l  w a s  about U, t imes g r e a t e r  than C3 f i lms.  
however, t h a t  t h e  tes t  w a s  made on f i lms  not  swollen i n  KOH. 

It should be noted, 

Fur ther  work i n  t h i s  a r ea  i s  warranted because of t h e  unique 
p r o p e r t i e s  of t h e  f i lm,  low swelling, exce l l en t  f l e x i b i l i t y ,  chemical 
r e s i s t a n c e  t o  s i l v e r  oxide oxidat ion ( see  Sec t ion  A )  and exce l l en t  
thermal  s t a b i l i t y .  
of t h i s  type  of m a t e r i a l  without impairing i t s  o the r  propert ies .  

Attempts should be made t o  increase  the  conductance 
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SECTION D - ETHYLENE COPOLYMERS WITH POLAR GROUPS 

Zetaf in  (Dow Chemical Coo) i s  a copolymer of e thylene and e t h y l  a c r y l a t e ,  
Hydrolysis of t h e  e s t e r  moiety could conceivably y i e l d  a conductive membrane. 
This  was attempted by both a l k a l i n e  and ac id  hydro lys is ,  without success,  

A research  quan t i ty  of  a copolymer o f  e thylene  and a c r y l i c  a c i d ,  
designated 4.42-50B9 w a s  obtained f r o m  an  outs ide  source. The product,  
found by a n a l y s i s  t o  conta in  about 7 mol percent a c r y l i c  a c i d  a s  t h e  
sodium sal t ,  w a s  s u f f i c i e n t l y  soluble i n  water t o  permit ca s t ing  from 
t e n  percent s o l u t i o n  a f t e r  cen t r i fuga t ion  t o  remove a small amount of 
suspended matter, 
r e s i s t a n c e  i n  30% KOIi, about 0.3 ohms, 
t r i e t h y l e n e  g lyco l  gave weak but  qu i te  
of g r e a t e r  e l e c t r i c a l  r e s i s t ance ,  7 and 10 ohms respec t ive ly .  Resis tance 
i n  45% KOH, which augments measurable d i f f e rences  amongst films, showed a 
r e s i s t a n c e  of 80 ohms on t h e  f i l m  containing 5% p l a s t i c i z e r  as compared t o  
a n  average r e s i s t a n c e  of 11 ohms f o r  C 3  films i n  our equipment, 

The fibL was very b r i t t l e  when dry  but  showed a l o w  
P l a s t i c i z a t i o n  with 5% and 10% 
f l e x i b l e  films a t  t h e  expense 

Judged by f l u i d i t y  of t h e  so lu t ions ,  t h e  molecular weight of t h e  
product i s  r e l a t i v e l y  low, 
p o t e n t i a l l y  r e s i s t a n t  t o  high temperatures. 

These polymers  are  of p r i m r y  i n t e r e s t  as 
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SECTION E - U N U S U h L  CEUULGE D E R I V A T I V E  

A number of less common ce l lu lose  d e r i v a t i v e s  were evaluated as  p o t e n t i a l  
S o l u b i l i t y  and e l e c t r o l y t i c  r e s i s t a n c e  a r e  g iven  i n  Table V. membranes. 

O f  t h e  new c e l l u l o s i c s  of t h i s  group, 442-121-1, a l o w  degree o f  
sGbs t i t u t ion  methyl c e l l u l o s e ,  i s  of ch ief  t h e o r e t i c a l  i n t e r e s t ,  showing 
far lower r e s i s t a n c e  than  t h e  usual commercial t ype  methyl c e l l u l o s e  of 
high degree of s u b s t i t u t i o n  (421-86 of  Table V.); .. 
w a s  of t h e  same low order  as g iven  by ce l lu lose ,  polyvinyl  a l coho l  and, i n  
t h e  methyl-cellulose-polyacid combinations, C 5  or B5 formulations.  The 
r a t h e r  high v i s c o s i t y  of  aqueous so lu t ions  of t h i s  d e r i v a t i v e  introduces 
a p r a c t i c a l  
n e c e s s i t a t i n g  t h e  use of 2% so lu t ion  in s t ead  of 10% as i n  t h e  case of  
Methocel 15,, 

Resis tance i n  45% KOH 

d i f f i c u l t y  i n  preparat ion of solut , ions and cas t ing  of films, 

Ethulose,  a new commercial product showed t o  advantage over  
Methocel 1 5  i n  conduct iv i ty  and i s  under f u r t h e r  study, 
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TABm V 

f i s ce l l aneous  Cel lu lose  Derivat ives  - S o l u b i l i t y  and E l e c t r i c a l  Resis tance 

S o l u b i l i t y  R e  sistanceT- ohms 
Film Descript ion + 
Prepn. H20 30% KOH 40z KOH 30%.'KOH 4% KOH.45% KOH 

407 -49 c m c  L sol sol i n s o l  t o o  s o f t  t o  t e s t  - 
407-50 CMHEC 37L (B) sol sol i n s o l  t o o  s o f t  t o  t e s t  - 
436-25 ErnC 75H ( C )  swells(l3) i n s o l  i n s o l  2,383 87,000 - 

21 - 4730 421-86 iYC 15 1.7 d o s e  (F) sol i n s o l  imoi 

442-121-1 PIethocel AS2  (G) (G) i n s o l ?  i n s o l  0 0 004 
0.9 d o s o  

445-1k6 Ethulose ( H I  sol i n s o l  i n s o l  0 - 20 

485'122 CMC 4A (1) sol sol i n s o l  sol - t o o  s o f t  

Notes: ( A )  Carboxymethyl hydroxyethyl c e l l u l o s e  do so 0.4 carboxymethyl, 
0 3 hydroxye t h y l  (He rc u l e  s ) 
Same 
E thy l  hydroxyethyl cellulose, d, s o  not s t a t e d  (Hercules) 
Inso luble  28" C o 9  soluble 10" C. 
Klucel (Hercules) composition not dimlged. 
Wegular" Methyl ce l lu lose  of  high degree o f  subs. (Dow) 
Low degree of s u b s t i t u t i o n  methyl c e l l u l o s e  (sol.  i n  
d i l ,  a l k a l i )  (Dow) 
Contains -OC2H5 and -OCH2CH20H 

Low degree of s u b s t i t u t i o n  carboxpethyl  c e l l u l o s e  ( O 0 4  d. so ) 
Experimental sample, courtesy Herculas, 

0.3 cax*bomethy l ,  0.7 hydroxyethyl (Hercules) 

i n  c e l l u l o s e  (Chemaster Corp. ) 

3:- d,s. i s  degree of s u b s t i t u t i o n  02 glucose un i t .  
3.00 

Maximum poss ib le  i s  

+EX- For a n  exposed diaIi;eter of .20 inches of  f i lm a t  equi l ibr ium with t h e  
e l e c t r o l y t e .  Measurement t o  the neares t  0.5 ohm. 
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SECTION F - DERIVATIVES FROM CHLOROPHOSPHONATION 
OF POLYOLEFTNS 

A r eac t ion  (6). (7) (8) which i s  q u i t e  gene ra l  f o r  s u i t a b l e  so lub le  
polymers, c o n s i s t s  of t h e  a c t i o n  of  phosphorus t r i c h l o r i d e  and o,xygen as 
fol lows : 

RH f PC13 f 1/2 O2 -> R-POCl2 i- H C 1  

I I 
f----J 

ROH 
/OR 

R-P = 0 

OR where R nay be 3 
\ 

The products  would be expected t o  show good r e s i s t ance  t o  hot  potassium hy- 
droxide so lu t ions ,  
p i c tu red  i n  Figure Ye 
(250 m l .  3 necked S,T. @Ibex f l a s k j  equipped with a gas  i n l e t  below t h e  sur- 
face of  t h e  so lu t ion ,  thermometer i n  the l i q u i d ,  s t i r r i n g  p rope l l e r ,  water 
cooled reflux condenser, surmounted by a d ry  ice- re f lux  condenser. Dur.irlg 
t h e  per iod  of heat-up and so lu t ion  of t h e  polyolef in  i n  PC13 a slow stream 
of  n i t rogen  w a s  used as a purge. 
r e a c t i o n  temperature a t t a i n e d  n i t rogen  w a s  replaced by ineter*ed oxygen, using a 
c a l i b r a t e d  o r i f i c e  flow meter from a cons t r i c t ed  sec t ion  of  8 mm. g l a s s  tbbing 
and a d i f f e r e n t i a l  panometer. 
were l e d  by Tygon tubing  i n t o  two glass scrubbers  i n  s e r i e s  t o  pick up HCl of 
t h e  reac t ion .  T i t r a t i o n  as a measure o f  r e a c t i o n  progress  proved t o  be imi-~~; i7hl t  
because of  PCl3 i n  t h e  emergent gas. 

An explora tory  inves t iga t ion  was made, using t h e  apparatus  
This  consis ted of a n  e l e c t r i c a l l y  heated r e a c t o r  

When t h e  so lu t ion  w a s  complete and t h e  des i r ed  

The gases emerging from t h e  d ry  i c e  condenser 

A t  t h e  conclusion of each r eac t ion  the  product w a s  p r e c i p i t a t e d  i n t o  h ighly  
cooled water  or water-ethanol as de ta i l ed  i n  notes 'o f  Table VI:,. 
condi t ions  depending on a l i q u o t  t e s t i n g  f o r  optimum p r e c i p i t a t e d  form. The 
p r e c i p i t a t e d  product w a s  f i l t e r e d  a t  low temperature,  washed with i c e  w a t e r  
and vacuum dr i ed  a t  low temperatures  t o  r in imize  fus ion  of  p a r t i c l e s .  

(6) E. C.  Leonard e t  a1 
(7) U, S o  Patent  3,00S.,939 (1961) E, C ,  Leonard e t  a1 
( 8 )  U. S. Patent  3,069,939 (1961) E. C .  Leonard e t  a 1  

J, Appl, Poly. Sci .  V, 157-62 
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Table VI. - Chlorophosphonation of Polyolef ins ,  Followed by Rydrolysis 

90 95 97 99 105 112 116 140 
(EPR: (EPR- (EPR (ERP- (EPR- (UXra- (Em- (E€%- 

- 404) 404) 404) - 404) 404) thene) 4041 404) 

Polymer charged g. 5-0 5.0 5.0 5 0 0  500 5eo 5.0 10.0 

PCl3  ml, 130 130 130 130 13 0 13 0 130 300 

02 Rate ml/min. 242 242 2k2 242 242 242 242 242 

Reaction Time - hrs .  3.2 12.5 1.0 3.0 43 41 12.5 12,5 

Temp. " C .  60-45 O 60-65 O 69-71" 70-73 T/'O-SO O 70-76 O 70-83 O 69-79 O 

How Worked Up 

Product l i g h t  dark a l m o s t  white  white white  dark v.br.own 
Descr ip t ion  t a n  brown whit e brown 

S o l u b i l i t y  
Hot Xylene sol i n s o l  sol i n s o l  swells i n s o l  i n s o l  i n s o l  

Hot Diorane i n s o l  i n s o l  i n s o l  i n s o l  i n s o l  i n s o l  i n s u l  i n s o l  

1\10 l d i n g  in fus -  molded,molded, molded molded infus-  moldec! moldnd 
i b l e  porous rubbery porous 

- __ - - . . - 

Notes: (A) Distd. o f f  solvent .  Reduced product i n  Kai-ing Blendor i n  LltOH. 
Washed. Poor phys ica l  condition. 

Waring Blendor, washed. 
P rec ip i t a t ed  t o t a l  prep, i n t o  i c e  50g9 a l coho l  5% + dry  i c e ,  washed. 
Good phys ica l  condition, 

( C )  P rec ip i t a t ed  t o t a l  prep. i n t o  i c e  and water. Reduced i n  

( D )  

(E) D i t to ,  Pptn. i n  a Waring Blendor, Excel lent  phys ica l  condi t ion,  

* Polymer a f t e r  soaking i n  45% KOH was t o o  swollen t o  handle, 
polymer d isso lved  i n  3% KOH, 

The 

EFR-404 = Ethylene propylene copolcyrner (Enjay) 

Ultrathene - Ethylene copolymer with v i n y l  a c e t a t e  (U.S.1, ) 

Frepara t ions  436-101 and 436-103, not  tabula ted ,  were run  according t o  
condi t ions  of 434-990 Products were white ,  i n f u s i b l e ,  inso luble ,  
S t a r t i n g  m a t e r i a l  polyethylene Eastman 812A, 81312. 

0 
3 ~ -  For a n  exposed diameter of .20 inches of f i lm at  equi l ibr ium with 

wi th  t h e  e l e c t r o l y t e ,  Measurement t o  t h e  neares t  0.5 ohm. 
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The experiments a r e  summarized i n  Table VI. 
degree of phosphonation w a s  requii*ed t o  ~ L - ~ I I C ~ :  1 x 1  1 , y l w r s  i n  t h e  conductive 
range. 
duc ts  w a s  s u f f i c i e n t l y  so luble  t o  permit ca s t ing  from solut,i.on, I I P I I ~ ~ ~ L Y I  IPS U t l i z i b  

molded i n  a Carver Press. The h ighly  phosphonated membranes w e r e  f a i r l y  fle-xible 
and dark brown i n  color .  
for r e s i s t a n c e  and s o l u b i l i t y .  The attempted dup l i ca t e  prepara t ion ,  436-140, 
w a s  of h igher  phosphorus content ,  and was so lub le  i n  '30% KOH, and t o o  s o f t  i n  
45% KOH t o  a f f o r d  a r e s i s t a n c e  measurement. 
i s  not  known. 

A s  w a s  a n t i c i p a t e d  a fa i r ly  high 

This requi red  r a t h e r  long react,ion t imes  as noted. 1+,np of t.he pro- 

Preparat ion 436-116 w a s  c lose  t o  t h e  requi red  p o l a r i t y  

The rsason  f o r  f a i l u r e  t o  dup l i ca t e  

It would appear  t h a t  t h i s  r eac t ion  could be widely app l i ed  ( 9 ) ,  sub jec t  t o  
l i m i t a t i o n s  i n  PCl3 s o l u b i l i t y .  
proved t o  be so luble  i n  hot  PC13. 
t o t a l l y  inso luble ,  

A sample of po ly isobuty l  rubber (Vistanex) 
A polypropylene polyner,  Frofax 6511J w a s  

(9) J. Am. Chem. SOC, 70, 3880, Clayton e t  a1 
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